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We analyze the effects of δ− meson on hypernuclei within the frame-work of relativistic mean field theory.
The δ− meson is included into the Lagrangian for hypernuclei. The extra nucleon-meson coupling (gδ) affects
the every piece of physical observables, like binding energy, radii and single particle energy of hypernuclei. The
lambda mean field potential is investigated which is consistent with other predictions. Flipping of single particle
energy levels are observed with the strength of gδ in the considered hypernuclei as well as normal nuclei. The
spin-orbit potentials are observed for considered hypernuclei and the effect of gδ on spin-orbit potentials is also
analyzed. The calculated single-Λ binding energies (BΛ) are quite agreeable with the experimental data.
PACS numbers: 21.10.-k, 21.10.Dr, 21.80.+a
I. INTRODUCTION
Normal nuclei are quite informative for showing the dis-
tinctive features of nucleon-nucleon (NN) interaction. The
knowledge on NN interaction may be extended to hyperon-
nucleon (YN) or hyperon-hyperon (YY) interaction by in-
jecting one or more strange baryon to bound nuclear sys-
tem [1–16]. The injected hyperon originates a new quanta
of strangeness and makes a more interesting nuclear system
with increasing density [2]. Unlike to nucleons, a hyperon is
not Pauli blocked owing to strangeness quantum number and
resides at the centre of the nucleus. Hyperons are used as
an impurity in nuclear systems to reveal many of the nuclear
properties in the dimension of strangeness [17–19]. For this,
a slightly unbound normal nucleus can be bound by addition
of Λ particle [20, 21].
To understand the structure of strange system, it is nec-
essary to evaluate the contribution of YN interaction. But,
due to short life-time of hyperon, only limited information
on YN scattering data is available which is a major conse-
quence of the experimental difficulties [22]. For this purpose,
more theoretical data are needed to explore the strangeness
physics. However, extensive efforts on theoretical basis have
been made to enrich the knowledge about YN interaction
using relativistic and non-relativistic mean field approaches.
For example, Skyrme Hartree-Fock (SHF) [1, 7, 23–25], de-
formed Hartree-Fock (DHF) [21, 26], Skyrme Hartree-Fock
with BCS approach [27] and relativistic mean field (RMF)
formalism [3, 4, 20, 28–34].
From last three decades, the relativistic mean field the-
ory reproduces the experimental data on binding energy, root
mean square (rms) radius, and quadrupole deformation pa-
rameter for finite nuclei throughout the periodic chart [35–
42]. Here the degrees of freedom are nucleons and mesons.
To deal with hypernuclei, one has to incorporate the meson-
hyperon interaction to the relativistic Lagrangian. The most
successful RMF model of Boguta and Bodmer, included the
σ−, ω−, and ρ−mesons along with the nonlinear coupling
of σ−meson, which simulates the three-body interaction [43].
The ρ−meson takes care the neutron-proton asymmetry, while
the Coulomb interaction is taken care by the electromagnetic
field produced by the protons. Although, conventional RMF
model is quite successful, but it is recently realized that the
isovector-scalar δ−meson, which arises from the mass and
isospin asymmetry of proton and neutron is very important for
nuclear system with much difference in neutron N and proton
Z number [44–46]. The main objective of the present study
is to see the effects of δ−meson for some selected hypernu-
clear systems. For this purpose, we evaluate the contribution
of δ−meson in hypernuclear system and make a comparison
with normal nuclei.
The paper is organized as follows: Section II gives a brief
description of relativistic mean field formalism for hypernu-
clei with inclusion of δ− meson. The results are presented
and discussed in Section III. Selection of gδ and gρ coupling
constant is also discussed in this section. The paper is sum-
marized in Section IV.
II. FORMALISM
The RMF Lagrangian for hyperon-nucleon-meson many-
body system including the δ− meson is written as [3, 4, 20,
28, 29, 47–49]:
L = LN + LΛ , (1)
LN = ψ¯i{iγ
µ∂µ −M}ψi +
1
2
(∂µσ∂µσ −m
2
σσ
2)
−
1
3
g2σ
3 −
1
4
g3σ
4 +
1
2
(∂µδ∂µδ −m
2
δδ
2)
− gsψ¯iψiσ − gδψ¯i~τψi~δ −
1
4
ΩµνΩµν +
1
2
m2wV
µVµ
− gwψ¯iγ
µψiVµ −
1
4
BµνBµν +
1
2
m2ρ ~R
µ ~Rµ
−
1
4
FµνFµν − gρψ¯iγ
µ~τψi ~Rµ
− eψ¯iγ
µ (1− τ3i)
2
ψiAµ , (2)
LΛ = ψ¯Λ{iγ
µ∂µ −mΛ}ψΛ − gωΛψ¯Λγ
µψΛVµ
− gσΛψ¯ΛψΛσ , (3)
2where ψ and ψΛ denote the Dirac spinors for nucleon and
Λ particle, whose masses are M and mΛ respectively, and
gσΛ, gωΛ are Λ−meson coupling constants. Because of zero
isospin, the Λ hyperon does not couple to ρ− and δ−mesons.
The quantities mσ, mω, mρ and mδ are the masses for σ−,
ω−, ρ− and δ−mesons. The field for the σ-meson is denoted
by σ−, ω−meson by Vµ, ρ−meson by Rµ and δ-meson by
δ. The quantities gs, gω, gρ, gδ and e2/4π=1/137 are the cou-
pling constants for the σ−, ω−, ρ−, δ−mesons and photon,
respectively. We have g2 and g3 self-interaction coupling con-
stants for σ−mesons. The field tensors of the vector, isovector
mesons and of the electromagnetic field are given by
Ωµν = ∂µV ν − ∂νV µ ,
Bµν = ∂µRν − ∂νRµ ,
Fµν = ∂µAν − ∂νAµ . (4)
The classical variational principle is used to solve the field
equations for bosons and Fermions. The Dirac equation for
the nucleon is written as:
[−iα.∇+ V (r) + β(M + S(r))]ψi = ǫiψi , (5)
where V(r) and S(r) represent the vector and scalar potential,
defined as
V (r) = gωV0(r) + gρτ3ρ0(r) + e
(1− τ3)
2
A0(r) , (6)
and
S(r) = gσσ(r) + τ3gδδ0(r) , (7)
where subscript i = n, p for neutron and proton, respectively.
The Dirac equation for Λ particle is
[−iα.∇+β
(
mΛ+ gσΛσ(r)
)
+ gωΛV0(r)]ψΛ = ǫΛψΛ . (8)
The field equations for bosons are
{−△+m2σ}σ(r) = −gσρs(r) − g2σ
2(r)− g3σ
3(r)
−gσΛρ
Λ
s (r) ,
{−△+m2ω}V0(r) = gωρv(r) + gωΛρ
Λ
v (r) ,
{−△+m2δ}δ3(r) = −gδρ
s
3(r) ,
{−△+m2ρ}R
0
3(r) = gρρ3(r) ,
−△A0(r) = eρc(r) . (9)
Here ρs, ρΛs , ρv and ρΛv are the scalar and vector density for
σ− and ω−field in nuclear and hypernuclear system which
are expressed as
ρs(r) =
∑
i=n,p
ψ¯i(r)ψi(r) ,
ρΛs (r) =
∑
ψ¯Λ(r)ψΛ(r) ,
ρv(r) =
∑
i=n,p
ψ†i (r)ψi(r) ,
ρΛv (r) =
∑
ψ†
Λ
(r)ψΛ(r) . (10)
The scalar density for δ− field is
ρs3(r) =
∑
i=n,p
ψ¯i(r)τ3iψi(r) . (11)
The vector density ρ3(r) for ρ−field and charge density ρc(r)
are expressed by
ρ3(r) =
∑
i=n,p
ψ†i (r)γ
0τ3iψi(r) ,
ρc(r) =
∑
i=n,p
ψ†i (r)γ
0
(1− τ3i)
2
ψi(r) . (12)
The various rms radii are defined as
〈r2p〉 =
1
Z
∫
r2pd
3rρp ,
〈r2n〉 =
1
N
∫
r2nd
3rρn ,
〈r2m〉 =
1
A
∫
r2md
3rρ ,
〈r2Λ〉 =
1
Λ
∫
r2Λd
3rρΛ , (13)
for proton, neutron, matter and lambda rms radii respectively
and ρp, ρn, ρ and ρΛ are their corresponding densities. The
charge rms radius can be found from the proton rms radius
using the relation rc =
√
r2p + 0.64 taking into consideration
the finite size of the proton. The total energy of the system is
given by
Etotal = Epart(N,Λ) + Eσ + Eω + Eδ + Eρ
+Ec + Epair + Ec.m., (14)
whereEpart(N,Λ) is the sum of the single particle energies of
the nucleons (N) and hyperon (Λ). Eσ , Eω, Eδ , Eρ, Ec, Epair
and Ecm are the contributions of meson fields, Coulomb field,
pairing energy and the center-of-mass energy, respectively.
We use NL3* parameter set through out the calculations [50].
We adopt the relative σ− and ω− coupling to find the
numerical values of Λ−meson coupling constants. The rel-
ative coupling constants for σ and ω field are defined as
Rσ = gσΛ/gσ and Rω = gωΛ/gω. We use the value of
the relative ω coupling as Rω = 2/3 from the naive quark
model [51, 52]. For used NL3* parameter set, we take the
relative σ coupling value as Rσ = 0.620 [30]. In present cal-
culations, to take care of pairing interaction the constant gap
BCS approximation is used and the centre of mass correction
is included by the formula Ecm = −(3/4)41A−1/3.
III. RESULTS AND DISCUSSIONS
The calculated results are shown in Table I and Figs.
(1−11) for both normal nuclei and hypernuclei. We study the
effect of δ−meson on some selected hypernuclei, like 48
Λ
Ca,
90
Λ
Zr and 208
Λ
Pb. To demonstrate the effect of gδ on hypernu-
clei, we make a comparison with their normal nuclear (48Ca,
90Zr and 208Pb) counter parts.
3TABLE I: The calculated lambda binding energy, BΛ for single-Λ hypernuclei is compared with the experimental data [22, 25, 53], given in
brackets. The used parameter set is pure NL3* without any inclusion of gδ . The radii are also displayed. Energies are given in MeV and radii
are in fm.
BE (MeV) BΛ(s) BΛ(p) rc rt rp rn rΛ
16
Λ N 130.04 13.80 (13.76±0.16) 3.56 (2.84±0.16) 2.563 2.468 2.442 2.510 2.302
16
Λ O 126.44 13.80 (12.5±0.35) 3.56 (2.5±0.5) 2.666 2.476 2.544 2.420 2.301
28
Λ Si 235.94 20.18 (16.6±0.2) 9.10 (7.0±1.0) 2.991 2.826 2.883 2.800 2.323
32
Λ S 273.74 21.77 (17.5±0.5) 10.20 (8.1±0.6) 3.158 2.982 3.056 2.943 2.287
40
Λ Ca 346.91 20.03 (18.7±1.1) 11.24 (11.0±0.6) 3.436 3.286 3.343 3.258 2.612
51
Λ V 456.05 22.10 (19.97±0.13) 13.88 (11.28±0.6) 3.547 3.490 3.461 3.540 2.735
89
Λ Y 790.09 24.19 (23.1±0.5) 17.78 (16.0±1.0) 4.216 4.204 4.145 4.270 3.130
139
Λ La 1186.67 25.18 (24.5±1.2) 20.49 (20.1±0.4) 4.835 4.895 4.776 4.991 3.657
208
Λ Pb 1659.77 26.58 (26.3±0.8) 22.67 (21.3±0.7) 5.490 5.602 5.439 5.718 4.017
A. Strategy to fit gρ and gδ:
The NL3* parametrization used in RMF is fitted phe-
nomenologically. All the masses and their coupling constants
are adjusted to reproduce some specific experimental data.
Therefore, it is not just to add one more parameter like gδ,
to study it’s effect keeping all other parameters of NL3* as
fixed. It might be possible that the physics described by gδ
may already be inbuilt in the sub parameters of NL3* and the
inclusion of δ−meson coupling may lead towards a double
counting.
In this regard, we might expect a connection between gδ and
gρ since both the coupling constants are isospin dependent. In
such a situation, there are two possible ways for this problem
to avoid the double counting: (i) to consider a dependency on
both gδ and gρ couplings. In this case, modify the parameter
gρ to fit an experimental data which is linked to both gρ and
gδ for each new given value of gδ, such as binding energy
or (ii) to get a completely new parameter set including this
interaction to consider as a new degree of freedom from the
beginning, i.e., start from an ab initio calculations as done in
Ref. [54].
Here, we are not interested to make a new parameter by in-
clusion of this interaction but our motive is just to extract the
contribution of δ−meson in hypernuclei and corresponding
normal nuclei. For this, we adopt the first approach to analyze
the effect of gδ on hypernuclei. The combination of gδ and gρ
are chose in such a way that for a given value of gδ, the com-
bined contribution of gδ and gρ (by adjusting gρ) reproduces
the physical observable which exactly match with the origi-
nal predictions when gδ was not included. We implement this
scheme on binding energy which is the best physical observ-
ables to see every effects in the nuclear system. So, we choose
the binding energies of 48
Λ
Ca, 90
Λ
Zr, 208
Λ
Pb hypernuclei and cor-
responding their normal nuclei to consider as an experimental
data. By inclusion of gδ, the binding energies change from
their original predictions. To bring back the NL3* binding en-
ergies for considered nuclei and hypernuclei, we modifiy the
gρ coupling. In this way, we get various combinations of (gρ,
gδ) for different given values of gδ. As we have already men-
tioned, the combinations of gδ and gρ are possible because of
both of the coupling constants are linked with isospin.
B. Binding energy, radii and single particle energy
Before going to task on δ−meson, it is necessary to check
the reliability of the parameter which is going to be used. For
this purpose, we calculate the total binding energy (BE), sin-
gle lambda binding energy (BΛ) and radii for some selected
hypernuclei whose experimental data are available. After an-
alyzing Table I, we found that the lambda binding energy BΛ
(for s- and p-state) are quite comparable with the experimental
data. For example, the BΛ of 16Λ N is 13.8 MeV in our calcu-
lation, and the experimental value is (13.76±0.16) MeV. It is
obvious that the Λ hyperon exhibits its strange behaviour and
enhance the binding of nucleons in hypernucleus. The other
thing is, with increasing the mass number the lambda density
becomes smaller in respect to nucleon density and as a result
lambda radius (rΛ) grows up. This observation is reflected in
Table I, where rΛ increases with increasing the nuclear num-
ber.
In this section, we analyze the effects of δ−meson on con-
sidered hypernuclei and make their comparison with normal
nuclei to demonstrate the affects, which is the central theme of
the paper. For the same, we calculate the binding energy (BE),
root mean square neutron (rn), proton (rp), charge (rch) and
matter radius (rt), and energy of first and last filled orbitals of
48
Λ
Ca, 90
Λ
Zr, 208
Λ
Pb and 48Ca, 90Zr, 208Pb with various combi-
nations of gρ and gδ.
In Fig. 1 (a) and (c), we have shown the binding energy
difference ∆BE of 48Ca and 48
Λ
Ca between the two solutions
obtained with (gρ, gδ=0) and (gρ, gδ), i.e.
∆BE = BE(gρ, gδ = 0)−BE(gρ, gδ), (15)
here BE(gρ, gδ = 0) is the binding energy at gδ = 0 in the
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FIG. 1: (Color online) Binding energy (BE) and root mean square
radius for 48Ca and 48Λ Ca using various combination of gρ and gδ.
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FIG. 2: (Color online) same as Fig.1 but for 90Zr and 90Λ Zr.
adjusted combination of (gρ, gδ) and BE(gρ, gδ) is the bind-
ing energy with non-zero value of gδ in the adjusted combina-
tion which reproduce the same binding as pure NL3*. Here,
the value of gρ used in adjusted combination with gδ is dif-
ferent from the actual value given in original NL3* parame-
ter set. In other words, we can say that, this strategy evolve
a new parameter set with extra coupling constant gδ, which
also reproduces exactly same physical observables as NL3*
set. Using this procedure, the contribution of δ− meson in
binding energy is obtained from ∆BE. Similarly, the effect
of δ−meson in radius for both nuclei and hypernuclei can be
seen from:
∆r = r(gρ, gδ = 0)− r(gρ, gδ), (16)
where r(gρ, gδ = 0) is the radius at gδ = 0 in the adjusted
combination of (gρ, gδ) and r(gρ, gδ) is the radius in adjusted
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FIG. 3: (Color online) same as Fig.1 but for 208Pb and 208Λ Pb.
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FIG. 4: (Color online) First (1sn,p) and last (1fn, 2sp) occupied
orbits for 48Ca and 48Λ Ca using various (gρ, gδ) combinations.
combination of gρ and gδ with non zero value of gδ, produces
exactly same experimental value as pure NL3*. The magni-
tude of ∆r with respect to gδ for 48Ca, 90Zr, 208Pb and their
hypernucleus 48
Λ
Ca, 90
Λ
Zr, 208
Λ
Pb are shown in Figs. 1−3. The
same procedure has adopted to estimate the contribution of
δ−meson on single particle energy for considered hypernu-
clei and their non-strange counter parts, which are shown in
Figures. 4−6. The difference in single particle energy (∆ǫ)
for a particular level is expressed as
∆ǫ = ǫ(gρ, gδ = 0)− ǫ(gρ, gδ), (17)
where ǫ(gρ, gδ = 0) is the single-particle energy for adjusted
combination (gρ, gδ) with gδ = 0, and ǫ(gρ, gδ) is energy of
the occupied level with non zero value of gδ.
From Figs.1−6, it is evident that the binding energies, radii,
single particle energies and spin-orbit splitting of nuclei and
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FIG. 5: (Color online) First (1sn,p) and last (1gn, 2pp) occupied
orbits for 90Zr and 90Λ Zr using various (gρ, gδ) combinations.
-8
-4
0
4
8
1 2 3 4 5 6 7 8-8
-4
0
4
gδ
∆ε
 
(M
eV
)
∆ε
 
(M
eV
) 208Pb
208
ΛPb
1s1/2(p)
1s1/2(n)
1s1/2(p)
1s1/2(n)
3s1/2(p)
3p1/2(n)
3p1/2(n)
3s1/2(p)
1s1/2(Λ)
FIG. 6: (Color online) First (1sn,p) and last (3pn, 3sp) occupied
orbits for 208Pb and 208Λ Pb using various (gρ, gδ) combinations.
hypernuclei are affected with gδ. Because of the presence
of Λ hyperon, the contribution of δ−meson in binding en-
ergies, radii and single particle energies are less in hypernu-
clei compared to normal nuclei. In other words, we can say
that δ−meson affects the physical observables less in strange
nuclei relative to nonstrange nuclei. In contrary to this, the
proton and charge radii are affected more in hypernuclei com-
pared to normal nuclei. From the overview of gδ on radii, we
find that rp and rc are in opposite trend with rn, rt, and that’s
why the magnitude of differences of rp and rc increases with
decreasing the asymmetry of the system by addition of hy-
peron. A very small reduction on lambda radius is observed
with increasing strength of gδ as shown in Figs. 1− 3, while
the lambda potential is completely unaffected by gδ. It may
happen because of the rearrangement of the levels due to pres-
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FIG. 7: (Color online) The effect of gδ on spin-orbit splitting is ob-
served for 48Ca and 48Λ Ca.
ence of lambda particle. It is to be noticed that there are no
convergence solutions beyond gδ ∼ 8.0.
In Fig. 4, we have shown the change in single particle en-
ergy∆ǫn,p of the first (1sn,p) and last (1fn and 2sp) occupied
orbitals for 48Ca, and 48
Λ
Ca. In the same way, the change in
first (1sn,p) and last occupied levels (1gn and 2pp) for 90Zr
and 90
Λ
Zr with the strength of gδ is shown in Fig. 5. We also
get the same trend in the magnitude of single particle energy
difference for first (1sn,p) and last occupied levels (3pn and
3sp) in 208
Λ
Pb and corresponding their normal nucleus (208Pb)
which are displayed in Fig. 6. The magnitude of the differ-
ence of single particle energy for both neutron and proton (first
and last occupied) orbitals of considered hypernuclei is small
comparable to normal nuclei. Owing to zero isospin of Λ hy-
peron, the lambda orbit (1sΛ
1/2) is unaffected with the strength
of gδ.
After analyzing the single particle spectra for both nuclei
and hypernuclei, we notice that the orbitals make a shift with
the strength of gδ. In case of 48Ca, the 2sn,p1/2 levels are flipped
with 1dn,p
3/2 in hypernucleus and normal nucleus also. It is
shown in Fig. 8, the 90Zr spectra pretend the flipping between
2pp
3/2 and 1f
p
5/2 levels for both strange and nonstrange nuclei,
however the strength is low, while the same orbitals (2pn
3/2 and
1fn
5/2) for neutron goes apart from each other with increasing
the strength of gδ. The same trend as 48Λ Ca is observed for
208
Λ
Pb and its normal nucleus as shown in Fig 9. The pro-
ton level 1gp
9/2 close to flip with 2p
p
1/2, and the neutron levels
(2dn
3/2 and 1hn11/2) also show the flipping with a very little
change in the value of single-particle energy ∆ǫ. In the analy-
sis of neutron and proton single particle energy levels, we find
that the trend of proton and neutron orbits are opposite to each
other. This nature gives rise to effect of change in neutron and
proton radius in opposite trend.
It is worthy to mention that the radius of 40Ca is slightly
more than that of 48Ca (i.e. rc=3.4776 of 40Ca and rc=3.4771
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FIG. 8: (Color online) same as Fig.7 but for 90Zr and 90Λ Zr.
-30
-25
-20
-15
-10
0 1 2 3 4 5 6 7 8-30
-25
-20
-15
208Pb
208
ΛPb
gδ
ε 
(M
eV
)
ε 
(M
eV
)
2d3/2(n)
1h11/2(n)
1g9/2(p)
2p1/2(p)
1h11/2
2d3/2(n)
2p1/2(p)
1g9/2(p)
FIG. 9: (Color online) same as Fig.7 but for 208Pb and 208Λ Pb.
of 48Ca [55, 56]), and this is difficult to explain by most of
the nuclear models. We expact that similar anomaly may be
occured in hyper-calcium (40
Λ
Ca and 48
Λ
Ca) also and can be
solved by the additional δ−meson degree of freedom to the
model. This mechanism can be used to solve the well known
radius anomaly of 40Ca and 48Ca.
The neutron and lambda mean field potential for considered
hypernuclei are plotted in Fig 10. The lambda central poten-
tial depth is found to be VΛ ∼ 32.87, 30.41 and 31.95 MeV for
48
Λ
Ca, 90
Λ
Zr and 208
Λ
Pb, respectively. It is to be noticed that the
amount of lambda potential is 38−40% of nucleon potential.
There are many of the calculations [51, 57, 58] in prediction
of lambda potential depth and our results are consistent with
these predictions. It is shown in Fig. 10 that both the potentials
have similar shape but different depth. It is also found that the
lambda potential is completely unaffected with the strength of
δ−meson coupling.
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FIG. 10: (Color online) The neutron (Vn = Vσ + Vω + Vρ) and
lambda (VΛ = VσΛ + VωΛ) mean field potentials are plotted for
48
Λ Ca, 90Λ Zr and 208Λ Pb hypernuclei. The used parameter set is pure
NL3*.
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FIG. 11: (Color online) Radial dependence of spin-orbit potential
(V Nso and V Λso) are plotted for 48Λ Ca, 90Λ Zr and 208Λ Pb hypernuclei for
different strength of gδ .
C. Spin-orbit splitting
The spin-orbit interaction plays a crucial role in order to
investigate the structural properties of normal as well as hy-
pernuclei developed by the exchange of scalar and vector
mesons [33, 59]. It is well known that the spin-orbit force
in hypernuclei is weaker than normal nuclear system [33, 51,
60]. Here, we study the spin-orbit potential for nucleon (V Nso )
and hyperon (V Λso) in hypernuclei and also analyze the effect of
gδ on spin-orbit interaction. The spin-orbit potentials are dis-
played in Fig. 11 for considered hypernuclei. To see the effect
of gδ, we make a plot with gδ=0.0 and for gδ=8.0, which is the
largest allowed strength of delta-meson coupling. Figure 11
7reveals that the spin-orbit potential for hyperons is weaker
than their normal counter parts and these results are consistent
with existing predictions [33, 51, 60]. It is clearly seen from
the Fig. 11 that the delta-meson coupling does not have any
valuable impact on spin-orbit interaction. Actually, no change
in spin-orbit potential is observed for 48
Λ
Ca and 90
Λ
Zr hypernu-
clei. Rather than this, the spin-orbit potentials in 208
Λ
Pb hyper-
nucleus is affected by a very little amount. This trend reflects
that the measurable effect of gδ on spin-orbit interaction can
be observed from a system with large isospin asymmetry for
example, heavy or superheavy nuclei and hypernuclei.
IV. SUMMARY AND CONCLUSIONS
In summary, we study the contribution as well as impor-
tance of δ−meson coupling in non-linear RMF model for hy-
pernuclei. The lambda potential depth is found to be consis-
tent with other predictions [51, 57, 58]. The calculated BΛ for
considered nuclei are quite agreeable with the experimental
data. In the present calculation, we have included it to reveal
the effects of gδ coupling strength on hypernuclei which are
found to be significant. It is clear to say that gδ affects every
piece of physical observables of hypernuclei, like binding en-
ergy, radii, single particle energy and spin-orbit splitting for
nuclear system with N 6=Z, but the magnitude of affects is less
comparable to normal nuclei. Contrary to this, the proton and
charge radii are affected relatively more than normal nuclear
case. A very small reduction in lambda radius is also observed
with increasing strength of δ−meson coupling. However, the
lambda potential is completely unaffected by δ−meson cou-
pling strength due to zero isospin nature of Λ particle. The
variation of spin-orbit interaction is discussed in respect of
δ-meson coupling. This coupling does not have any signifi-
cant impact on spin-orbit potential for considered hypernuclei
but reflects that its impact would be measurable for a system
with large isospin asymmetry. It is clearly seen that the con-
tribution of δ−meson is more effective with the magnitude of
asymmetry of the system. From the given results, it is con-
cluded that δ−meson has indispensable contribution not only
in asymmetric nuclei but also for hypernuclei.
The δ−meson coupling may prove to be a significant degree
of freedom for resolving the charge radius anomaly which
is appeared in 40Ca and 48Ca and also if happened in corre-
sponding hypernuclei. The production of 48
Λ
Ca hypernucleus
is possible in future due to advanced experimental facilities
across the world.
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